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Poly(ADP-ribose)
synthesized in nuclei isolated from Friend erythroleukemic cells was characterized.
Although the activity of poly(ADP-ribose) synthesis of cells induced to differ entiate was suppressed to about one-third of that of uninduced cells, the chain lengths were identical, and were clearly restricted within a narrow band in polyacrylamide gels, moving at about half the speed of bromphenol blue. 2. The restriction of chain length was also observed in rat liver nuclei, though some poly-(ADP-ribose) chains could be degraded into smaller pieces during incubation.
Treatment of nuclei with a high concentration of detergent and sonication before incubation caused aber rant synthesis of poly(ADP-ribose) chains which were not restricted in size. 3. In contrast, the average chain length of the 3H-labeled portion of poly(ADP-ribose) syn thesized during incubation of nuclei with 3H-NAD+ was found to be reduced to 50% of that in the induced cells. 4. Under our reaction conditions, about 95% of newly synthesized poly(ADP-ribose) was linked to non-histone nuclear proteins.
The total content of the non-histones was reduced to about 50% by treatment with inducers. 5. In view of the above findings, it is suggested that the decrease of chain initiation frequency caused by the partial loss of available acceptor sites may be correlated with the suppression of poly(ADP-ribose) synthesis in induced cells.
The eukaryotic cell nucleus contains an enzyme which transfers the ADP-ribose moiety of NAD to form a homopolymer, poly(ADP-ribose) (1-3). The data obtained so far demonstrate that poly(ADP-ribose) could be involved in DNA synthesis or cell proliferation (4-11), DNA repair (12, 13), chromatin structure modification (14-16), hormonal regulation (17), protease inhibition (18), chemical carcinogenesis (19, 20) , and gene expres sion (21) (22) (23) (24) (25) (26) 
RESULTS
The chain length distributions of poly(ADPribose) of Friend cells under various conditions were analyzed by urea-SDS-polyacrylamide gel electrophoresis. As shown in Fig. 1 , the poly(ADPribose) exhibited a narrow band of restricted sized species, and the position of maximum radioactivity (near 0.5, taking BPB as 1.0) did not change with growth stage. Furthermore treatment of cells with inducing agents, such as DMSO or HMBA, had no effect on this position.
Longer exposure of cells to inducers (up to 4 days) also had no effect (data not shown). In contrast, some longer and shorter chains could be observed in phenyl- should be noted that little radioactivity could be observed in the area of high molecular weight. Thus, it is suggested that a mechanism restricting chain length also operates in rat liver cells. In Fig. 3 , we show that artificial damage of nuclei, such as sonication or detergent treatment, caused aberrant distribution of the chain length of poly(ADP-ribose).
In particular, long chains were seen on gel electrophoresis (Fig. 3B, C) . Treat ment with 0.5% Nonidet P-40 stimulated poly(ADP-ribose) synthesis about 2-fold, but the product was shown to contain significant amounts of aberrant long chain poly(ADP-ribose) (Fig. 3C) Table I and Fig. 1 is shown sche matically in the left half of Fig. 5 , in which we postulate that the chain initiation of poly(ADPribose) synthesis is suppressed when cells are induced to differentiate. Obviously models shown in brackets in Fig. 5 are not consistent with our experimental results. Therefore it is suggested that the chain elongation occurred very rapidly and that initiation was rate-limiting.
Precise estima tion of the whole chain length was not attempted in this study. (Table II) and/or urea (Table III) (47) reported an overall decline in cellular protein content in induced cells. We found the decrease of total content of non-histone nuclear (Fig. 6A,  B) , and crude chromatin (Fig. 6C, D) proteins on treatment with inducers. This finding supports the schema of Fig. 5 postulating the decrease of acceptor proteins in poly(ADP-ribosyl)ation.
Finally, we confirmed that the peak fractions of radioactivity in the urea-SDS-gel electrophoresis do not include monomer [3H]NAD+. The radioactivity in the gels was re-analyzed by gel-filtration as in Fig. 7 , and it was clearly shown that monomer A poly(ADP-ribose) sample (0.5 ml) was prepared from gels after electrophoresis as described in Fig. 4 
DISCUSSION
We previously showed that nictoninamide, an inhibitor of poly(ADP-ribose) synthetase, could induce the differentiation of Friend cells (25), and furthermore that HMBA, DMSO, or butyrate, which are inducers of differentiation, but not in hibitors of poly(ADP-ribose) synthetase, could suppress poly(ADP-ribose) synthesis indirectly (26) . Together with the results reported by Terada et al. (24) showing that other inhibitors of poly(ADPribose) synthetase (benzamide, pyrazinamide, thymine, thymine riboside, and bromouracil) could also induce the differentiation of Friend cells, it seems very likely that the suppression of poly(ADPribose) synthesis is correlated with cell differenti ation. This is supported by the studies of Porteous et al. (23), in which they compared poly(ADPribose) synthetase activity in nuclei of dividing and of non-dividing but differentiating intestinal epi therial cells of the guinea pig, and found that nuclei from non-dividing but differentiating and maturing cells in upper crypts and on the villi con tain no more than about 10% of the synthetase activity of lower-crypt cell nuclei.
The present study has found that differentiat ing Friend cells gradually lose their nuclear non histone proteins.
This may participate in erythroid differentiation whether it is correlated with the regulation of poly(ADP-ribose) synthesis or not, because non-histone chromosomal proteins have been suggested to control gene expression (48, 49) . Considering that mammalian erythroid cells are destined to lose their whole nuclei, it is interesting that some components of the nuclei are lost in the course of differentiation.
In this paper we have pointed out that soni cation or detergent treatment may destroy the mechanism of intact poly(ADP-ribose)
synthesis. This presents a problem in studies of poly(ADPribose) synthesis at the level of nuclei, because unfortunately most cells require treatment with higher concentrations of detergent than 0.2% to obtain nuclei. In particular, HeLa cells or Ehrlich ascites tumor cells require the combination of Nonidet P-40 and deoxycholate (50) . It may be necessary to use the technique of permeable cell preparation in these cases.
